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THE  CONTENTS  OF  THIS  REPORT  ARE  NOT  TO  BE 
USED  FOR  ADVERTISING,  PUBLICATION, 

OR  PROMOTIONAL  PURPOSES 


PREFACE 


The  invest? gat ico  reported  herein  was  authorized  by  the  Office,  Chief 
of  Engineers,  by  first,  indorsement  dated  2 6  January  i960  to  a  letter  from 
the  U.  3.  Amy  Engineer  Waterways  Experiment  Station  ( WES )  dated  20  January 
19b0,  subject,  "Project  Pi  an  fi.r  Research  in  Mass  Concrete  -  Investigation 
of  (je.nent-Replaeemrnt  Materials  -  Investigation  of  Chemical  Acceptance 
Tests  for  Pozzolaiis,"  and  formed  part  of  the  Engineering  Studies  Program- 
Item  E3  601. 

The  work  was  conducted  at  the  following  four  laboratories: 

0.  Bureau  of  Public  Load  (BPR;  under  the  ’'.rection  of  Mr. 
w^-'old  Allen,  Chiei ,  .  ;v'  sloii  of  Piyoj.v.al  Research. 

b.  National  Bureau  of  Standards  (NBS)  under  the  direction  of 
Mr .  R.  L.  Blaine,  Chief,  Concreting  Materials  Section. 

c.  Bureau  of  Reclamation  (BR)  under  the  direction  of  Mr.  W.  H. 
Price,  Chief,  Division  of  Engineering  Laboratories. 

d.  WES  under  the  direction  of  Mr.  T.  B.  Kennedy,  Chief,  Concrete 
Division. 

This  report  was  prepared  by  Mr.  Leonard  Pepper,  Concrete  Division, 

WES. 

Col.  Edmund  H.  Lang,  CE,  and  Col.  Alex  G.  Sutton,  Jr.,  CE,  were 
Directors  of  the  WES  during  conduct  of  the  investigation  and  the  prepara¬ 
tion  and  publication  of  this  repoit.  Mr.  J.  B.  Tiffany  was  Technical 
Director . 
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VO  VO  ON 


I 

JThc  procedure  specified  in  acceptance  testing  of  pozzolano  for  chemi¬ 
cal  analysis  for  «iojor  oxides  is  more  involved  and  more  costly  than  the 
procedure  used  for  such  analysos  in  the  acceptance  testing  of  Portland 
cement.  In  order  to  Investigate  the  simplification  of  the  procedure  for 
tooting  pozzolano ,  four  pozzolano  were  evaluated,  hy  each  of  four  labora¬ 
tories  using  three  test  methods.  The  methods  were : 

a.  Method  A,- the  prescribed  method,  which  involves  fusing  the 
saisple  and  then  determining  tho  major  oxideo  by  the  referee 
procedure  for  Portland  cement ) 

b.  Method  B,  which  consist s  of  pretreating  the  cample  uo  in 

”  Method  A,  determining  the  amount  of  Si02  by  the  referee  pro¬ 
cedure  but  omitting  the  second  evaporation,  and  determining 
the  remaining  constituents  by  tho  optional  procedure  for 
Portland  cement, 

c.  Method  C,  which  involves  igniting  the  cample  and  determining 
the  constituents  by  the  optional  procedure  for  Portland 
cement'.*" 

Tho  results  of  the  study  indicated  that: 

a.  There  was  no  significant  difference  between  the  methods  in 

”  determining  MgO. 

b.  There  was  a  significant  difference  between  the  metnodo  in 

~  determining  8102.  The  highest  values  for  SiC>2  coi.tent  were 
obtained  using  Method  A  end  the  lowest  were  obtained  using 
Method  C;  thus  Method  A  was  the  moot  effective  in  separating 
SIO2  from  the  other  constituents  in  the  sample,  and  Method  C 
was  the  least  effective. 

£.  There  was  no  significant  difference  between  Methods  A  and  C 

"  in  determining  R2O3,  whereas  there  was  a  significant  differ¬ 
ence  between  Methods  A  and  B.  The  R2O0  content  determined  by 
Method  B  was  higher  than  thut  determined  by  cither  of  the 
other  two  methods. 

d.  There  was  no  significant  difference  in  the  sura  of  SiC2  and 

*”  RgO^  determined  by  Methods  A  and  B.  However,  the  sum  of 
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S1O2  and  R2O3  determined  by  Method  C  was  significantly  lower 
than  that  determined  by  the  other  methods. 

e.  The  laboratories  were  biased  in  the  application  of  Method  A 
in  determining  SiC>2,  R2O3 ,  and  MgO,  and  in  the  application  of 
Method  B  in  determining  Si02  and  MgO. 

The  chemical  requirements  for  a  pozzolan  are  for  the  sum  of  the  Si02 
and  R2O3  contents  to  be  greater  than  70.0$  and  for  the  MgO  content  to  be 
less  than  5-0$.  It  was  found  in  this  study  that  the  sum  of  the  Si02  and 
R2O3  contents  obtained  by  either  Method  B  or  C  is  not  significantly 
greater  than  the  sum  obtained  by  Method  A,  and  also  that  the  MgO  content 
determined  by  either  Method  B  or  C  is  not  significantly  less  than  the  MgO 
content  determined  by  Method  A.  Pozzolans  that  do  not  meet  the  chemical 
requirements  when  tested  using  Method  A  would  not  be  expected  to  meet  these 
requirements  when  tested  using  either  Method  B  or  C. 
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COOPERATIVE  INVESTIGATION  OF  ACCEPTANCE  TEST  METHODS  FOR 
CHEMICAL  ANALYSIS  OF  POZZOLANS  FOR  MAJOR  OXIDES 


PART  i:  INTRODUCTION 

Background 


1.  The  procedure  for  the  chemical  analysis  of  pozzolans  is  outlined 
,  4* 

in  CRD-C  263-  In  this  procedure,  the  pczzoian  is  first  ignited,  then 
fused  with  Na^CO^,  after  which  the  major  oxides  are  determined  by  apply¬ 
ing  pertinent  portions  of  the  portland  cement  referee  procedure.  Method 
4 

1101  of  CRD-C  209.  Thus,  the  chemical  analysis  of  pozzolans  is  more  in¬ 
volved,  more  time-consuming,  and  more  costly  than  the  analysis  of  port- 
land  cement . 

2.  The  Federal  Test  Method  Standard  No.  158a^  (CRD-C  209)  provides 
two  methods  for  the  analysis  of  portland  cement:  the  referee  procedure. 
Method  1101,  referred  to  above,  and  an  optional  procedure.  Method  1111. 

The  latter  procedure  is  simpler  and  quicker,  but  possibly  less  accurate 
than  the  former.  Therefore,  the  optional  procedure  is  normally  used  for 
routine  analysis  of  cement,  and  the  referee  procedure  is  used  in  case  of 
dispute  or  when  the  results  obtained  using  the  optional  procedure  are  so 
close  to  the  specification  limit  that  the  cement's  meeting  or  failing  to 
meec  the  specification  requirement  is  in  doubt. 

3-  The  major  differences  between  the  two  procedures  (Methods  1101 
and  llll)  in  the  analysis  of  portland  cement  for  major  oxides  are: 

a.  Silicon  dioxide  (Si02)  determination. 

(1)  Method  1101  requires  the  sample  to  be  digested  in  a  i:l 
HCL  solution  followed  by  a  double  evaporation  and  fil¬ 
tration  to  separate  SiOp  from  the  other  constituents. 

(2)  Method  1111  requires  the  sample  to  be  mixed  with  NH4CI 
and  digested  in  concentrated  HC1  containing  1  to  2  drops 
of  KNO3.  The  resulting  gelatinous  mass  is  filtered  to 
separate  Si02  from  the  other  constituents. 

b .  Calcium  oxide  (Cap)  determination. 

(l)  Method  1101  requires  that  manganese  be  removed  from  the 

*  Raised  numerals  refer  to  similarly  numbered  items  in  list  of  references 
at  end  of  text. 
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filtrate  obtained  in  the  determination  of  RgOo . * 

Calcium  is  then  obtained  as  a  result  of  a  double  pre¬ 
cipitation  and  filtration  of  calcium  oxalate,  and  CaO 
is  determined  gravimetrically . 

(2)  Method  1111  does  not  require  the  removal  of  manganese 
from  the  filtrate  obtained  in  the  determination  of  ^3^3* 
Calcium  is  obtained  as  a  result  of  a  single  precipita¬ 
tion  and  filtration  of  calcium  oxalate,  and  CaO  is 
determined  by  titration  with  KMnO^. 

c.  Magnesium  oxide  (MgO)  determination. 

(1)  Method  1101  requires  that  magnesium  be  separated  from 
the  filtrate  obtained  in  the  CaO  determination  by  a 
double  precipitation  and  filtration  as  magnesium 
ammonium  phosphate.  MgO  is  then  determined  gravimetri¬ 
cally  as  a  pyrophosphate. 

(2)  Method  1111  requires  the  filtrate  obtained  from  the  CaO 
determination  to  be  reacted  with  8-hydroxyquinoline . 

The  magnesium  precipitate  is  filtered  and  then  redis¬ 
solved.  Potasaium  br ornate  bromide  is  added,  and  the  re¬ 
sulting  solution  is  titrated  with  ^26303  to  determine 
the  MgO  content  of  the  sampxe. 

4.  During  the  latter  part  of  1959 >  in  corresponde;  ce  with  the 
Office,  Chief  of  Engineers  (CCE),  the  U.  S.  Army  Engineer  Division  Labora¬ 
tory,  North  Pacific  (NPDL),  raised  the  question  of  the  feasibility  of  using 
the  applicable  portions  of  Method  1111,  rather  than  Method  JiCi  as  required 
by  CRD-C  263,  for  routine  testing  of  pozzolans.  The  National  Bureau  of 
Standards  (NBS)  Seattle  Laboratory  had  informed  NPDL  that  routine  analysis 
of  pozzolans  using  Method  1111  could  be  performed  in  one  day,  whereas  doing 
so  by  Method  1101  required  from  three  to  five  days.  A  change  to  Method 
1111  would  result  in  a  considerable  saving  in  the  cost  of  acceptance  test¬ 
ing  of  pozzolans. 

5.  It  was  the  opinion  of  chemists  associated  with  the  NBS  in  Wash¬ 
ington,  when  they  were  consulted  by  OCE,  that  the  applicable  portions  of 
Method  1111  should  not  be  substituted  for  the  present  procedure  unless  con¬ 
siderable  supporting  data  were  available  to  justify  such  action.  They 
pointed  out  that  Method  1111  had  been  developed  for  portland  cement,  and 
that  the  method  might  not  be  directly  applicable  to  materials  of  somewhat 


*  In  chemical  analysis  of  materials  such  as  those  with  which  this  report 
is  concerned,  represents  principally  FegO^  and  A^C^  not 

differentiated. 


different  compositions.  They  also  stated  that  although  the  specified  pro¬ 
cedure  for  pozzolans,  CRD-C  263,  is  far  from  perfect,  several  laboratories 
devoted  a  considerable  amount  of  time  to  developing  it,  and  an  appreciable 
amount  of  additional  work  will  be  needed  to  improve  and  perhaps  simplify  it 

Purpose  and  Scope  of  Investigation 


6.  At  a  conference  held  at  the  U.  S.  Arniy  Engineer  Waterways  Experi¬ 
ment  Station  (WES)  in  September  1959  between  representatives  of  OCE  and 
VIES,  the  WES  was  directed  to  conduct  a  cooperative  program  with  three  other 
laboratories  to  evaluate  three  analytical  procedures  in  the  chemical  analy¬ 
sis  of  pozzolans  for  major  oxides.  The  investigation  was  confined  to  the 
determination  of  the  SiC^,  EgOo,  and  MgO  contents  of  four  pozzolans. 

Samples  of  each  of  the  pozzolans  were  analyzed  for  each  of  these  con¬ 
stituents  at  the  MBS  (Washington),  the  Bureau  of  Public  Roads,  the  WES, 
and  the  Bureau  of  Reclamation*  by: 

a.  The  prescribed  method,  CRD-C  263- 

b.  By  fusing  the  samples,  then  using  a  modification  of  Method 
1101  to  determine  SiOg,  and  applicable  procedures  of  Method 
1111  to  determine  R202  and  MgO. 

c.  The  applicable  procedures  of  Method  1111,  without  first 
fusing  the  samples . 

Scope  of  This  Report 

7.  This  report  describes  the  materials  tested  and  the  test  methods 
used,  analyzes  the  test  results,  and  presents  conclusions  derived  therefrom. 


*  These  laboratories  are  referred  to  hereinafter  as  laboratories  1,  2,  3> 
and  k>  respectively. 


PART  II:  MATERIALS  AND  TEST  METHODS 


Materials 

8.  Of  the  many  pozzolans  that  may  have  to  be  tested  to  completely 
evaluate  the  test  procedures,  this  investigation  was  confined  to  four  of 
the  12  pozzolans  (one  from  each  of  the  four  principal  classes  of  pozzolans) 
that  were  used  in  Phase  A  of  the  Cement-Replacement  Investigation  program.'’ 
The  four  selected  pozzolans  were: 

a.  Fly  ash  (FA  III). 

b.  Natural  volcanic  glass  (Pum  F). 

c.  Calcined  opaline  shale  (C  Sh  M). 

d.  Uncalcined  diatomite  (Unc  D). 

5 

The  constituents  of  these  materials  as  previously  reported  are  shown  in 
table  1. 

9.  Each  pozzolan  was  agitated  in  a  1-pt  twin-shell  blender  for 
approximately  three  days  to  eliminate  segregation  in  the  material.  Each 
pozzolan  was  then  quartered  to  yield  four  samples  of  approximately  20  g 
each;  these  samples  were  then  sealed  in  plastic  vials.  One  sample  of 
each  of  the  four  pozzolans  was  sent  to  each  of  the  cooperating 
laboratories. 

Test  Methods 

10.  All  the  samples  were  ignited,  in  accordance  with  paragraph  8(a) 
of  CRD-C  263,  prior  to  either  fusing  the  sample  or  digestir;  it  with  acid 
and  ammonium  chloride.  Manganese  was  removed  from  all  the  samples  as 
described  in  Section  ^  of  Method  1101  of  CRD-C  209 •  All  the  results  were 
reported  on  an  as-received  basis.  Each  laboratory  determined  in  uuplicate 
the  SiOgj  >  an<^  MgO  contents  of  each  of  the  four  pozzolans  using  each 
of  the  following  test  procedures: 

a.  Method  A,  the  procedure  described  in  CRD-C  263. 

b.  Method  B ,  in  which  the  sample  was  fused  as  directed  in  para¬ 
graph  9(a)  through  9(d)  of  CRD-C  263,  except  that  the  silica 
content  wa.,  determined  using  a  single  evaporation  ( i  •  e . ,  the 
procedures  described  in  the  first  three  sentences  of  the 
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second  paragraph  of  the  silica  determination  procedure  of 
Method  1101  of  CRD-C  209  were  omitted).  The  R2O3  and  MgO 
contents  were  determined  using  the  procedure  described  in 

j  Method  1111  of  CRD-C  209 . 

i 

1  c.  Method  C,  the  procedure  described  in  Method  1111  of  CRD-C 

|  209  for  determining  FiOg,  RgO^,  an<^  • 

| 


PART  III:  ANALYSIS  OF  TEST  RESULTS 


Presentation  of  Results 

11-  The  test  results  obtained  by  the  four  laboratories  are  shown  in 
tables  2,  3,  and  k,  and  also  in  plates  1,  2,  and  3-  The  original  results 
obtained  by  WES  on  the  pozzolans  tested  (see  table  l)  and  the  results  of 
the  present  investigation  are  regarded  as  being  in  agreement  considering: 

a.  The  variance  that  can  be  expected  between  samples  of 
pozzolan. 

b.  The  variance  between  operators  within  a  laboratory. 

12.  Plate  1  shows  a  general  tendency  for  the  Si02  values  to  decrease 
as  the  procedures  were  simplified-  This  tendency  is  also  evident  in  com¬ 
paring  the  average  SiOQ  values  for  each  method,  which  were:  Method  A, 
6l.08$;  Method  B,  59-93$;  and  Method  0,  58.22$. 

13-  The  effect  of  the  methods  on  the  values  is  not  clearly  evi¬ 
dent  (see  plate  2).  However,  with  several  exceptions,  the  results  obtained 
for  RgO^  with  Method  B  are  higher  than  the  results  obtained  with  Method  A, 
whereas  the  results  obtained  with  Method  C  are  equal  to  or  less  than  the 
Method  A  results.  This  variation  is  also  suggested  by  the  avei’age  values 
of  for  each  method,  which  were:  Method  A,  20.21$;  Method  B,  20-93$; 
and  Method  C,  19-83$- 

l4.  Plate  3  does  not  suggest  any  specific  relation  between  the  meth¬ 
ods  and  the  MgO  values;  however,  the  MgO  results  obtained  by  laboratory  2 
are  significantly  different  from  the  results  obtained  by  the  other  labora¬ 
tories.  The  average  values  cf  MgO  for  each  method  used  were:  Method  A, 
1.00$;  Method  B,  0-97$;  and  Method  C,  0-90$. 

Evaluation  of  Results  by  Study  of  Error  Variance 

15-  The  significance  of  the  effects  of  the  methods,  described  in 
paragraphs  12-14,  on  the  resultant  averages  can  be  most  readily  evaluated 
by  subjecting  the  data  to  an  analysis  of  variance.  For  the  results  of  the 
analysis  to  have  physical  meaning,  it  is  essential  that  the  error  variance 
of  the  data  be  homogeneous  when  considered  among  materials,  among 
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laboratories,  or  azsoog  methods.  The  error  variance  (within-laboratory 

variance)  vas  calculated  directly  fro«  the  duplicate  results,  and  is  shown 

in  tables  2,  3»  and  4.  Also  shown  in  tables  2,  3*  and  4  is -tile  pooled 

error  variance  among  laboratories  and  within  methods  and  within  materials - 

The  homogeneity  of  the  error  variances  was  'tested  by  means  of  a  modifica- 

*2  . 

t-ion  of  the  Bartlett  Test. '  Only  six  out  of  143  variances  differed  from 
the  other  members  of  the  group  at  the  95$  confidence  level.  They  were:. 


Constituent 

Material 

.  Method 

Laboratory 

sio2 

FA  III 

B 

4 

Sx02 

C  Sh  14 

B 

-4 

Sx02 

Unc  D 

B 

2 

R2°3 

FA  III 

C 

3 

KgO 

C  Sh  M 

B 

1 

MgO 

Unc  D 

C 

1 

The  following  observations  can  be  ipade  concerning  these  deviations: 

l 

a.  The  deviations  were  due  to  the . variances  being  higher  than 
those  of  other  members  of  the  group. 

b.  None  of  the  deviations  occurred  when  Method  A  was  used, 
c-  At  least  one  deviation  was  found  for  each  laboratory.  ; 

1 6.  The  resultant  pooled  variances,  which  are  the  error  variances 
for  materials  within  a  test1  method,  are  also  shown  in  table  5-  These  vari¬ 
ances  were  pooled  to  determine  the  error  variance  for  the  test  methods. 

Only  one,  the  error  variance  for  SiO^  content  of  Pum  F  as  determined  by 
Method  B,  was  found  to  be  significantly  greater  at  the  95$  confidence  level 
than  the  other  variances  of  the  group,  and  was1  therefore  not  included  in 
the  calculations  to  determine  resultant  pooled  variance. 

17*  The  precision  of  the  three  test  methods  is  compared  in  table 
6.  The  variances  of  the  three  methods  for  the  determination  of  SiO^ 
differ  significantly  at  the  95$  confidence  level  and  cannot  be  pooled. 

The  error  variance  found  fcr  the  SiO^  determination  using  Method  B  is 

*  The  modification  of  the  Bartlett  Test  used  in  the  analysis  reported  here 
is  taken  from  Davies.  In  a  previous  study®  the  form  of  the  Bartlett 
Test  used  to  examine  error  variance  for  homogeneity  vas  that  given  by 
Youden.1  The  Davies  modification  was  regarded  as  more  appropriate  for 
use  with  the  data  derived  from  this  investigation. 


significantly  lever  than  that  for  Method  A-  Ibe  greeter  precision  of 
Method  B  is  probably  due  to  the  masher  of  variances  which  were  excluded  as 
being  significantly  excessive  daring  the  calculation  of  the  variance-  It 
is  believed  that  additional  work  would  indicate  that  the  error  variance  of 
Method  B  is  the  sane  as  or  even  greater  than  the  error  variance  of  Jfettod  A. 
The  variance  of  Method  A  in  the  determination  of  is  significantly  less 
at  the  95<£  confidence  level  than  that  of  the  other  two  methods,  and.  there¬ 
fore  cannot  be  pooled  with  that.  The  precision  cf  the  three  methods  in  the 
determination  of  MgO  is  essentially  the  same  and  the  three  variances  are 
pooled.  An  analysis  of  variance  can  be  applied  to  all  the  data  obtained  in 
the  determination  of  MjgO,  bat  not  to  all  the  data  obtained  in  either  the 
SiO^  or  ^etenaiDation*  Bie  analysis  of  variance  cannot  be  used  to 
determine  the  significance  of  the  effect  of  methods  on  the  determination  of 
either  -SiO^  or  R^Oj- 

1 3-  The  resultant  pooled  error  variances  are  compared  in  table  7 

-v 

with  the  error  variances  reported  by  the  Rational  Bureau  of  Standards'1- 
as  3  result  of  an  inter  laboratory  study  conducted  on  port  land  cements - 
Table  IX  of  the  report  gives  values  for  standard  deviation  attributable 
to  the  precision  of  the  method  used  to  obtain  the  test  result  and  values 
for  the  standard  deviation  of  the  test  results  for  12  samples.  The  value 
for  standard  deviation  attributable  to  the  precision  of  the  method  used 
is  designated  a/2  and  is  obtained  graphically.  Values  from  table  IX  for 
Si02,  AlgO^,  and  MgO  have  been  squared  to  permit  comparison  with  variance 
values  developed  in  the  present  investigation  and  are  given  in  table  7  of 
this  report.  All  the  variances  determined  in  the  investigation  reported 
herein  are  less  than  those  computed  from  the  values  for  standard  deviation 
reported  in  reference  1  as  the  average  of  12  samples,  except  for  the  vari¬ 
ance  of  the  SiOg  determination  by  Method  C.  It  should  be  noted  that 
Method  C  was  used  for  the  analysis  of  portland  cement  in  tne  NBS  inter¬ 
laboratory  study  and  that  the  pozzolans  analyzed  in  the  investigation 
reported  herein  can  normally  be  expected  to  have  a  greater  variance  than 
Portland  cement,  particularly  in  the  determination  of  SiO^-  The  error 
variances  for  the  determination  of  MgO  by  all  three  test  methods,  ^2^3  ^ 
Method  A,  and  SiOg  by  Method  B  are  all  less  than  the  respective  variances 
calculated  from  the  reported  values  of  a/2-  The  error  variances 
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deteMned  in  this  investi^tion  can  therefore  he  considered  to  be  ectsel  to 
or  less  than  the  error  variances  that  can  nonsally  be  expected  in  the 
analysis  of  port  lard  cement. 

Analysis  of  Results  ty  Racing  of  Laboratories 


19-  The  data  shown  in  tables  2~k  and  plates  1-3  can  also  be 

8 

examined  by  a  method  reported  by  Ycuden-  In  this  analysis,  the  average 
value  obtained  by  a  laboratory  vas  ranked  with  respect  to  the  results  ob¬ 
tained  by  the  other  laboratories  for  the  sane  eaterial,  ret  hod,  and  con¬ 
stituent  -  A  score  of  1  was  given  to  the  laboratory  having  the  highest  re¬ 
sult,  2  to  the  next  highest,  3  to  the  next  highest,  and  finally  a  score  of 
4  to  the  laboratory  having  the  lowest  result.  These  scores  were  sunned  for 
the  four  rater  sals  analysed  by  each  retrod  and  are  shown  in  table  8.  The 
gjnlrsaa  score  that  can  be  obtained  by  any  laboratory  is  4,  and  the  saxmaa 
is  16-  Both  of  these  scores  are  significant  at  the  55®  probability  level. 

A  score  of  t  signifies  that  the  laboratory  had  the  highest  results  in  the 
analysis  of  all  four  materials,  whereas  a  score  of  1 6  signifies  that  the 
laboratory  had  the  low  esc  results  in  the  analysis  of  all  fear  materials - 
The  average  expected  score  is  10.  If  the  rankings  of  the  laboratories  are 
randomly  d\ stx-ibuted,  the  expected  sun  of  squares  (S’)  is  20.  The  ratio  of 
the  calculated  to  the  expected  subs  of  squares  (S/S‘  )  will  indicate  whether 
the  rankings  of  the  laboratories  are  randonly  distributed.  A  ratio  equal 
to  or  greater  than  2.60  indicates  that  tne  laboratory  rankings  are  signifi¬ 
cantly  different  from  random  at  the  5^  probability  limit,  and  a  ratio  equal 
to  or  greater  than  3*78  is  significant  at  the  if  probability  limit. 

20.  As  can  be  seen  in  table  8,  the  test  results  obtained  by  labora¬ 
tory  2  ter-d  to  be  low  in  the  determination  of  SiO^  and  1-JgO.  Laboratory  3 
tends  to  produce  low  results.  The  results  obtain? A  by  laboratory  1  in 
the  determination  of  SiO^  by  Methods  A  and  B  are  high,  whereas  the  test 
results  obtained  by  laboratory  4  in  the  determination  of  and  MgO 

using  Method  A  are  i.igh.  The  distribution  of  the  rankings  of  the  labora¬ 
tories  is  significantly  different  from  random  for  all  determinations  using 
Method  A  and  also  for  the  determination  of  SiO^  and  1^°  using  Method  B. 
These  results  imply  a  definite  laboratory  bias  and  a  significant  betweer- 
iaberatory  variance. 
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FAST  IV:  CCKCIifSIOBS 


21.  Analysis  of  the  test  results  indicates  that  the  test  methods  bad 
no  effect  css  tbe  results  obtained  in  the  determnation  of  MgO.  Hie  pre- 
cisioss  of  tbe  three  test  methods  was  tbe  same,  and  tbe  differences  between 
tSae  means  are  not  significant  since  tbe  95$  confidence  intervals  overlap: 
Method  A,  1-07  to  0-93$;  Method  3,  1-Qfc  to  0-90$;  and  Method  C,  0-97  to 
0-$3$- 

22-  Tbe  test  methods  did  have  an  effect  on  tbe  results  obtained  in 
tbe  determination  of  SiO^-  Hse  precision  of  tbe  three  methods  was 
different-  The  largest  variance  occurred  in  Method  C  and  the  least  vari¬ 
ance  in  Method  3,  although  it  is  believed  that  the  variance  of  Method  B 
should  be  larger  than  indicated  in  this  study  and  equal  to  or  greater  than 
that  of  Method  A.  Hie  differences  between  the  means  are  also  significant 
since  the  95$  confidence  intervals  do  not  overlap:  Method  A,  6l-45  to 
60-71$;  Method  5,  6O-C8  to  59- 73$;  aid  Method  C,  58-9^  to  57-50$.  Method 
A  is,  therefore,  the  most  effective  method  in  separating  SiO^  frets  the 
other  constituents  in  tbe  sample,  and  Method  C  is  the  least  effective - 

23.  The  test  methods  also  had  an  effect  on  the  results  obtained  in 
the  determination  of  R^O^-  Hie  precision  of  Methods  B  and  C  was  found  to 
be  the  same-  Tbe  precision  of  Method  A  was  found  to  be  different  and 
greater  than  that  of  the  other  two  methods.  The  mean  value  obtained  for 
R^O^  using  Method  B  was  significantly  greater  than  that  obtained  with 
either  Method  A  or  C,  whereas  there  was  no  significant  difference  between 
the  means  obtained  with  J-Sethods  A  and  C-  The  9  5$  confidence  intervals 
were:  Method  A,  20-37  to  20-05$;  Method  B,  21.28  to  20-5%',  and  Method  C, 
20-18  to  19-1*8$. 

2h.  Although  the  SiO^  content  as  determined  by  Method  B  is  signifi¬ 
cantly  less  than  that  determined  by  Method  A,  the  8^0^  content  determined 
by  Method  B  is  significantly  greater  than  that  determined  by  Method  A. 

As  a  result,  the  sum  of  SiO^  and  R^O^  as  determined  by  Method  B  is  not 
significantly  different  from  the  sum  determined  by  Method  A.  However,  the 
sum  of  Si0?  and  as  determined  by  Method  C  is  significantly  less  than 

the  sum  determined  by  Method  A.  Assuming  that  the  variances  may  be  summed 
to  obtain  the  variance  of  the  cum  of  33  0^  and  ,  the  95$  confidence 
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intervals  vere:  Method  A,  8l.6j  to  6C.89 &  Method  3,  8l-2fc  to  &}-3s8$;  and 
Method  C,  78.85  to  77-25^. 

25-  The  precision  of  the  laboratories  conducting  this  study  was  high; 
surpassing  the  precision  that  is  normally  attained  in  the  analysis  of  port- 
land  cerent ,  except  for  the  precision  obtained  in  the  determination  of 
SiO,,  using  Method  C.  The  precision  can  be  expected  to  be  materially  less 
during  routine  acceptance  testing.  However,  it  is  not  expected  that  the 
reduction  in  precision  would  affect  the  conclusions  reached  in  this 
investigation . 

2 6.  The  laboratories  were  biased  in  the  application  of  Method  A  in 
the  determination  of  all  three  constituents.  The  laboratories  were  also 
biased  in  the  application  of  Method  B  in  the  determination  of  SiO^  and  KgO- 
Further  work  will  be  necessary  to  determine  the  particular  parts  of  the 
procedures  used  in  Methods  A  and  B  that  permit  the  results  obtained  by  the 
different  laboratories  to  deviate  from  each  other. 

27-  The  chemical  requirements  for  a  pozzolan  are  for  the  sum  of  the 
5iC>2  and  contents  to  be  greater  than  70 -C$  and  for  the  MgO  content  to 

be  less  than  5-0/*-  It  was  found  in  this  study  that  the  sun  of  the  Si0o 
and  Ro0_,  contents  obtained  by  either  Method  B  or  C  is  not  significantly 
greater  than  the  sue  obtained  by  Method  A,  and  also  that  the  MgO  content  as 
determined  by  either  Method  B  or  C  is  not  significantly  less  than  the  MgO 
‘'ontent  determined  by  Method  A-  Pozzolans  that  do  not  meet  the  chemical 
requirements  when  tested  using  Method  A  would  not  be  expected  to  meet  these 
requirements  when  tested  using  either  Method  B  or  C.  Both  Methods  B  and  C 
are,  therefore,  suitable  for  use  as  optional  methods  for  acceptance  testing 
of  pozzolans.  Method  C  is  the  more  economical  to  perform,  and  would  gener¬ 
ally  be  the  preferred  optional  method,  however,  the  sum  of  SiO^  and  ^0^ 
contents  obtained  by  Method  C  is  significantly  less  than  the  sum  obtained 
by  Method  A;  therefore,  the  use  of  Method  C  may  require  extensive  retest¬ 
ing  for  pozzolans  that  .just  meet  the  chemical  requirements.  This  can  best 
be  illustr.  ted  with  the  values  obtained  for  C  Sh  M  in  this  study.  Of  the 
four  pozzolans  teheed,  the  sum  of  the  SiO^  and  R^O^  contents  of  C  Sh  M  was 
the  closest  to  whe  specification  limit .  The  following  average  values  vere 
resorted : 


Method 


13 


REFERENCES 


1.  Crandall,  J.  R-,  and  Blaine,  R-  L-,  "Statistical  evaluation  of  inter¬ 
laboratory  cement  test."  Proceedings,  American  Society  for  Testing 
Materials ,  vol  59  ( 1959 )  ,  xsp  1129 -U>k- 

2-  Davies,  0.  L-,  ea-,  Design  am  Analysis  of  Industrial  Experiments, 

2d  ed-  rev.  Eafner  Publishing  Co-,  Rev  York,  li-  Y-,  1956- 

3-  General  Services  Administration,  Cements ,  Hydraulic;  Sampling,  Inspec- 
tion,  and  Testing-  Federal  Test  Method  Standard  Ito-  158a,  Washington, 
D-  C-,  I960. 

k.  U-  S-  Amy  Engineer  Waterways  Experiment  Station,  CE,  Handbook  for 
Concrete  and  Cement,  with  quarterly  supplements -  Vicksburg,  Miss., 
August  19^9- 

5-  _ ,  Investigation  of  Cement- Replacement  Materials;  Preliminary 

Investigations  (phase  A),  by  B-  leather-  Miscellaneous  Paper  Eo.  6-123, 
Report  1,  Vicksburg,  Miss-,  April  1955* 

6-  _ ,  Investigation  of  Ifomsetallic  V^ater stops;  Evaluation 

of  the  Effect -of -Alkalies  and  Accelerated  Extraction  Tests,  by 
Leonard  Pepper.  Technical  Report  Ho.  Rerort  2,  March  1961, 

p  12- 

7-  Youden,  W.  J.,  Statistical  Methods  for  Chemists.  John  Wiley  &  Sons, 
Inc-,  Hew  York,  K.  Y-,  1951,  P  21. 

_ ,  "Ranking  laboratories  by  round-robin  tests."  Materials 

Research  and  Standards,  vol  3,  He.  1  (January  1963),  pp  9-I3. 


8- 


14 

Table  1 

Results  of  Chemical  Tests  of  Pozzolans* 


Constituent,  ^ 

FA  III 

Fuh  F 

C  ShH 

Uhc  D 

sio2 

38-2 

68.8 

61.2 

76.7 

A1^ 

25-7 

Ik. 8 

12-5 

12.0 

?e2°3 

16-3 

l.k 

k.5 

2.2 

CaO 

3-9 

0.65 

8-6 

0.60 

I!gO 

0-9 

0-33 

3-0 

0.70 

SO^ 

0.60 

O.03 

o.kk 

0.05 

3 

Ignition  loss 

12.2 

3-9 

6.8 

3-2 

Ra20 

C.63 

1-38 

0.88 

1-72 

K2° 

1-02 

fe.96 

I.lU 

1.68 

Total  as  Ua20 

1-30 

k.6k 

1.63 

2.83 

p2°5 

0.26 

0.02 

0.29 

0.29 

0.16 

O.O; 

0.08 

0.03 

Insoluble  residue 

Sk-9 

94.6 

67-1 

76.2 

2-5oisture  content 

0-17 

0.83 

1-7 

k.i 

Sulfide  sulfur 

0-13 

0.00 

0.00 

0.09 

Total  carbon 

11.13 

0.02 

1.10 

0.15 

*  Results  of  tests  l«y  WES,  using  Method  A,  reported  in  1955 •' 


Ssile  2 


Best 


S102  in  Fercani  as  Kt=s=rw£  et 
*  ieicrasory 


foalsi 


Secaltant  Fooled  iiesyeffs  of  FSeesfcsi 
Variance  After  Associated  vitS 


teterial 

x 

2 

3 

4 

Variance* 

Serdett  Sect 

Feccltant  Variance 

fa  in 

x 

33-33 

37-20 

57-71 

33.cS 

. 

. 

2 

33-50 

37-15 

37-79 

33.16 

- 

- 

Vari  fcr-re 

O.C0J2 

O.OCgl 

0.0032 

0.0032 

O.OC55 

O.OC55 

4 

5T 

£ 

71-85 

70-11 

70-76 

71-85 

_ 

2 

72.13 

70-11 

70-63 

71-76 

- 

- 

Variance 

O.G512 

0 

C.C0J2 

o.oclo 

0.0116 

0.0116 

t 

C£K 

1 

55.63 

56-33 

56.06 

56.92 

_ 

2 

57-20 

;5.i7 

5o.Io 

56.63 

- 

- 

Variance 

O-1352 

0.0220 

0.0050 

0.0258 

o.cIts 

O.d-TS 

Cm 

toe  D 

1 

79-33 

77-21 

78.19 

72-52 

_ 

2 

ge.o5 

77-11 

77-92 

79-91 

- 

- 

Vari-arce 

0.2312 

O.Oitt 

0-0361 

0.0002 

0.0706 

0.0705 

L 

FA  III 

x 

33.23 

31-3* 

^6.56 

37-05 

_ 

2 

33.25 

31-31 

36-85 

37-73 

- 

- 

Variance 

0.0302 

o.coci 

0-0050 

0.2592**  0.0562 

0.0019 

3 

T>»~.  7 

1 

71-5o 

65. io 

70.12 

63.12 

_ 

2 

71-85 

66-15 

70.03 

63.00 

- 

- 

Variance 

0.0150 

0.0312 

0.0573 

0.0382 

o.O>56 

0.0556 

1 

can 

£ 

56-90 

55.00 

55-13 

55-60 

2 

56-83 

51.7? 

55-11 

56.20 

- 

- 

Variance 

0.0002 

0-CL20 

0.0002 

O.iSCO**  0.0505 

0.0075 

3 

'Jsc  D 

£ 

79-05 

77.75 

77-1 0 

73-93 

_ 

- 

2 

79-1- 

73.90 

77-59 

79-00 

- 

- 

Variance 

0.0032 

1.7112**  0.0180 

0.0002 

0.1332 

0-00/2 

3 

FA  III 

1 

37-12 

31.11 

31.86 

37-13 

. 

2 

38-10 

31-56 

33-92 

37-31 

- 

- 

Variance 

0.1802 

0.0072 

0.1118 

0.0090 

0,2318 

0.2318 

1. 

?t=  ? 

£ 

65.10 

69.93 

65.12 

_ 

_ 

2 

61.62 

61.60 

68.72 

65-16 

- 

- 

Variance 

O.0392 

0.0060 

0.7320 

0.0008 

0-19-'-' 

0.19U 

1 

C  Sh  H 

1 

53-50 

52.61 

55-07 

55-10 

_ 

_ 

2 

53-63 

52-25 

si. 9! 

51.30 

- 

Variance 

0.0722 

0.0513 

0.0031 

0.0I5O 

0.0*76 

O.OlTo 

1 

Unc  0 

1 

76*i£ 

75-00 

T-07 

79-30 

_ 

2 

7t.l2 

71.60 

rr- 36 

79-10 

* 

- 

Variance 

0.0392 

0.080c 

0.0120 

0.0200 

O.C*53 

O.C*53 

A. 

*  Since  tvo  results  verc  obtained  by  each  laboratory,  the  pooled  variance  is  equal  to  the  average  or  the 
-ithin-iateratory  variances  and  1  decr-'f-s  of  freedon  arc  associated  vith  it. 

**  Rejected  iy  Bartlett  Variance  Test  at  the  '/7  confidence  level. 
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Sable  3 


¥>3 


Test  Results 


Material 

®C5fc 

223 

FLO,  in  Percent  as  Measured  at 
^  laboratory 

1  2  3  A 

Fooled 

Variance* ** 

Resultant  Ponied 
Variance  After 
Bartlett  Test 

Degrees  of  Freedom 
Associated  with 
Resultant  Variance 

fa  m 

i 

41-30 

40.20 

40.23 

4l.cS 

5 

41.23 

40-3% 

40.17 

41.05 

- 

- 

Variance 

0.0002 

0.C093 

0-0022 

0.0002 

0.0031 

0.0031 

4 

Fun  ? 

1 

ih.Td 

14.83 

14-57 

15.26 

_ 

_ 

2 

ik.SO 

14-77 

14-53 

is.  19 

- 

- 

Yartee 

0.0002 

O.OOoO 

0.0008 

0.0024 

0-0024 

0.0024 

4 

C£J 

i 

15-68 

14.43 

15-62 

16.04 

_ 

_ 

2 

15-82 

14-37 

15-74 

15.80 

- 

- 

Variance 

0.0093 

0.0018 

0.0072 

0.0288 

0.0119 

0.0119 

4 

tec  D 

1 

9.86 

9-53 

9-66 

10.20 

_ 

_ 

2 

10.00 

9.41 

9-75 

10.26 

- 

- 

Variance 

0.0093 

0.0144 

0-0040 

0.0018 

0.0075 

0.0075 

4 

FA  Hi 

1 

41.26 

43-53 

40.65 

41.92 

_ 

2 

il.03 

43.83 

40.69 

41. 80 

- 

- 

Variance 

0.0162 

0.0450 

0.0288 

0.0072 

0.0243 

0.0243 

4 

t>.— .  y 

1 

14-72 

17-51 

14.83 

15.44 

.. 

_ 

2 

15-24 

17.65 

14.63 

15.62 

- 

- 

Variance 

0.1352 

O.OO98 

0.0200 

0.0162 

0.0453 

0.0453 

4 

C  Sh  K 

1 

15-86 

15-63 

15-70 

16.02 

2 

16.32 

15.61 

15.47 

15.78 

- 

- 

Variance 

0.1058 

0-0002 

0.0264 

0.0238 

0.0403 

0.0403 

4 

Unc  D 

1 

9-52 

9-87 

10.14 

12.24 

2 

9-16 

9.90 

9-99 

11-92 

- 

- 

Variance 

0.0648 

0.0004 

0.0112 

0.0512 

0.0319 

O.O319 

4 

FA  III 

1 

40.30 

40-63 

37.43 

41.14 

_ 

2 

40.16 

40-70 

39-13 

41.10 

- 

- 

Variance 

0.0098 

0.0024 

1.4450’'- 

*  0.0008 

0.3645 

0.0043 

3 

Pun  ? 

X 

lie.  oh 

14-55 

10.31 

14.76 

_ 

_ 

2 

14.62 

14.61 

10.68 

14.46 

- 

- 

Variance 

0.0002 

0.C018 

0.0684 

0.0450 

0.0289 

0.0289 

4 

C  Sh  M 

i 

15-* 

16.34 

15-05 

15.62 

_ 

_ 

2 

15-68 

16.24 

15-27 

15.80 

- 

- 

Variance 

0.0128 

0.0050 

0.0242 

0.0162 

0.0146 

0.0146 

4 

Unc  D 

1 

10.38 

9.64 

9-10 

11.12 

_ 

2 

9-84 

9-58 

8.04 

10.86 

~ 

- 

/ariancc 

0.1458 

0.0018 

0.0128 

0.0338 

O.0486 

0.04P6 

4 

*  Since  two  result  vr re  obtain'd  qy  each  laboratory,  the  jioo’ed  variance  is  equal  to  the  average  of  the 
vithi.i-laiwratory  variances  and  4  degrees  of  froe-doa  are  associated  with  it. 

**  Reject"!  by  :ia-tlctt  /aria r.ce  Test  at  the  t'/:  confidence  level. 


Table  4 
i  Test  Results 


ISgO  in  Percent  as  Measured  at 
Laboratory 


Resultant  Pooled  Degrees  of  freedom 
Tooled  Variance  After  Associated  with 


Material 

Run 

1 

2 

3 

5 

Variance* 

Bartlett  Test 

Resultant  Variance 

FA  III 

1 

0.7 6 

0.11 

0.83 

0.81 

2 

0.85 

0.12 

0.83 

0.86 

- 

- 

Variance 

0.0040 

0.0001 

0 

0.0012 

0.0013 

0.0013 

4 

Pun  F 

1 

0.19 

0.00 

0.09 

0.19 

.. 

2 

0.22 

0.00 

0.11 

0.17 

- 

Variance 

0.0004 

0 

0.0002 

0.0002 

0.0002 

0.0002 

4 

C  Sh  M 

1 

2.68 

1.70 

2.78 

3.14 

.. 

_ 

2 

2.79 

1.61 

2.82 

3.11 

- 

- 

Variance 

0.0060 

0.0040 

0.0008 

0.0004 

0.0028 

0.0028 

4 

Unc  D 

i 

0.67 

0.00 

0.71 

1.25 

.. 

_ 

2 

0.68 

0.00 

0.75 

1.29 

- 

“ 

Variance 

0.0001 

0 

0.0008 

0.0008 

0.0004 

0.0004 

4 

FA  III 

1 

0.90 

0.05 

0.81 

0.83 

_ 

2 

0.99 

0.06 

0.81 

0.85 

- 

- 

Variance 

0.0040 

0.0001 

0 

0.0002 

0.0011 

0.0011 

4 

Pun  F 

1 

0.13 

0.00 

0.16 

0.18 

_ 

2 

o.i4 

0.00 

0.25 

0.16 

- 

- 

Variance 

0.0001 

0 

0.0040 

0.0002 

c.oou 

0.0011 

4 

C  Sh  M 

1 

3.02 

1.61 

2.97 

2.75 

_ 

2 

2.58 

1.74 

2.90 

2.73 

- 

- 

Variance 

0.0968**  0.0084 

0.0024 

0.0002 

0.0270 

0.0037 

3 

Unc  D 

1 

0.67 

0.02 

0.83 

0.74 

• 

2 

0.64 

0.01 

0.79 

0.72 

- 

- 

Variance 

0.0004 

0.0001 

0.0008 

0.0002 

0.0004 

o.ooo4 

4 

FA  III 

1 

0.74 

0.04 

0.88 

0.75 

_ 

2 

0.80 

0.06 

0.81 

0.75 

- 

- 

Variance 

0.0018 

0.0002 

0.0024 

0 

0.0011 

0.0011 

4 

Pun  F 

1 

0.12 

0.02 

0.23 

0.15 

_ 

_ 

2 

0.06 

0.02 

0.28 

0.13 

- 

- 

Variance 

0.0018 

0 

0.0012 

0.0002 

0.0008 

0.0008 

4 

C  Sh  M 

1 

2.95 

1.80 

2.01 

2.65 

- 

2 

2.99 

1.93 

1-97 

2.69 

- 

- 

Variance 

0.0008 

o.oo84 

0.0008 

0.0008 

0.0027 

0.0027 

4 

Unc  D 

1 

0.53 

0.02 

0.42 

t 

2 

0.69 

0.01 

0.42 

t 

- 

- 

Variance 

0.0128**  0.0001 

0 

- 

0.0043 

0.0001 

2 

*  Since  two  results  were  obtained  by  each  laboratory,  the  pooled  variance  is  equal  to  the  average  of  the 
within-laboratory  variances  and  4  degrees  of  freedon  are  associated  with  it  (except  for  Method  C  Unc  D). 

**  Rejected  by  Bartlett  Variance  Test  at  the  95$  confidence  level, 
t  results  not  reported. 


Table  5 

Calculated  Error  Variance  for  Methods 


Constituent 

Calculated  Error  Variance 
Method  FA  III  Pum  F  C  Sh  M  Unc  D 

Pooled 

Variance 

Degrees  of 
Freedom 
Associated 
with 
Pooled 
Variance 

Resultant 

Pooled 

Variance 

After 

Bartlett 

Terfc 

Degrees  of 
Freedom 
Associated 
with 

Resultant 

Variance 

Si°2 

A 

0.0055 

0.0146 

0.0478 

0.0706 

0.0346 

16 

0.0346 

i6 

B 

0.0019 

0.0556*  0.C075 

0.0072 

0.0209 

13 

0.003" 

Q 

C 

0.2348 

0.1945 

0.0476 

0.0453 

0.1306 

16 

0.1306 

16 

h2°3 

A 

0.0031 

0.0024 

0.0119 

0.0075 

0.0062 

16 

0.0062 

16 

B 

0.0243 

0.0453 

0.0403 

0.0319 

0.0354 

16 

o.c.  :5 

16 

C 

o.oo43 

0.0289 

0.0146 

0.0486 

0.0254 

15 

0.0254 

15 

MgO 

A 

0.0013 

0.0002 

0.0028 

0.0004 

0.0012 

16 

0.0012 

16 

B 

0.0011 

0.0011 

0.0037 

o.ooo4 

0.0014 

15 

0.0014 

15 

C 

0.0011 

0.0008 

0.0C27 

0.0001 

0.0013 

14 

0.0013 

14 

*  Rejected  by  Bartlett  Variance  Test  at  the  95$  confidence  1 

eve! . 

Calculated  Error 

Table  6 

Variance  for 

Constituents 

Degrees  cf 

Resultant 

Degrees  of 

Freedom 

Pool ed 

Freedom 

Associated 

Variance 

Associated 

Calculated  Error 

Variance 

with 

After 

with 

Method 

Method 

Method 

Pooled 

Pooled 

Bartlett 

Resultant 

Constituent 

A 

B 

C 

Variance 

Variance 

Test 

Variance 

si°2 

0.03^6* 

0.0055 

O.1306* 

0.0656 

4l 

- 

- 

R2°3 

0.0062* 

0.0354 

0.0254 

0.0223 

47 

0.0306 

31 

MgO 

0.0012 

0.0014 

0.0013 

0.0013 

45 

0.0013 

45 

*  Rejected  by  Bartlett  Variance  Test  at  the  95$  confidence  level. 
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Table  7 


Comparison  of  Error  Variances 


Error  Variances  Calcu¬ 
lated  from  Standard 
Deviations  Reported*  in 

Calculated  Error  Variance  NBS  Inter laboratory 

Determined  in  Present  Study  Test  of  Portland  Cement 

0  Average  Variance 


Constituent 

Method  A 

Method  B 

Method  C 

(a/2  r 

of  12  Samples 

Si°2 

0.03 46 

0.0055 

0.1306 

0.0072 

0.0576 

R2°3 

0.0062 

0.0306 

0.0306 

0.0169** 

0.1296** 

HgO 

0.0013 

0.C013 

0.0013 

0.0049 

0.0400 

*  Crandall  and  Blaine. 

**  Values  reported  for  Al^O^ • 
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Table  8 


Laboratory  Scores  Obtained  by  Ranking  Laboratory  Results 


_  Laboratory  Scores* _ 

Constituent  Method  Lab  1  Lab  2  Lab  3  Lab  4** 


Ratio  of  Calculated  to 
Expected  Sums  of 
Squares 
S/S'-i 


The  minimum  score  that  can  be  obtained  by  any  laboratory  is  k,  and  the 
maximum  score  is  l6.  Both  of  these  sc.ores  are  significant  at  the  5$ 
probability  level.  A  score  of  4  means  that  the  laboratory  had  the  high¬ 
est  results  in  the  analysis  of  all  four  materials;  a  score-  of  l6  signi¬ 
fies  that  the  laboratory  had  tile  lowest  results  in  the.  analysis  of  all 
four  materials. 

Test  results  were  assumed  for  laboratory  4  for  the  analysis  of  MgO  in 
Unc  D  by  Method  C. 

The  average  expected  ucore  is  10 >  and  the  expected  sum  of  squares  (S') 
is  20.  An  S/S'  ratio  of  2.60  is  significant  at  the  5$  probability  level 
and  a  ratio  of  3-78  is  significant  at  the  1$  probability  level. 

Significant  at  the  5$  probability  level. 
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